BACKGROUND: Although children's curiosity is thought to be important for early learning, the association of curiosity with early academic achievement has not been tested. We hypothesized that greater curiosity would be associated with greater kindergarten academic achievement in reading and math. METHODS: Sample included 6200 children in the Early Childhood Longitudinal Study, Birth Cohort. Measures at kindergarten included direct assessments of reading and math, and a parent-report behavioral questionnaire from which we derived measures of curiosity and effortful control. Multivariate linear regression examined associations of curiosity with kindergarten reading and math academic achievement, adjusting for effortful control and confounders. We also tested for moderation by effortful control, sex, and socioeconomic status (SES). RESULTS: In adjusted models, greater curiosity was associated with greater kindergarten reading and math academic achievement: b reading = 0.11, p < 0.001; b math = 0.12, p < 0.001. This association was not moderated by effortful control or sex, but was moderated by SES (p reading = 0.01; p math = 0.005). The association of curiosity with academic achievement was greater for children with low SES (b reading = 0.18, p < 0.001; b math = 0.20, p < 0.001), versus high SES (b reading = 0.08, p = 0.004; b math = 0.07, p < 0.001). CONCLUSIONS: Curiosity may be an important, yet under-recognized contributor to academic achievement. Fostering curiosity may optimize academic achievement at kindergarten, especially for children with low SES.
INTRODUCTION
Fostering early academic achievement in young children has been a longstanding interest of pediatricians and policymakers, [1] [2] [3] with a growing awareness of the importance of social-emotional skills for school readiness. [4] [5] [6] [7] The socio-emotional characteristics thought to be necessary for early learning include a child's capacity for invention and imagination (i.e., curiosity), persistence and attentiveness to tasks (i.e., effortful control), the ability to form and sustain social relationships (i.e., prosocial behavior), and the capacity to manage feelings and behavior (i.e., emotion regulation). 2, [4] [5] [6] [7] [8] Although each of the aforementioned skills is important for school readiness, 7 curiosity and effortful control are believed to be especially important for fostering early academic achievement. Although the association between prosocial skills, emotional regulation, and academic achievement is limited, 9 we have identified four studies using national datasets that demonstrated an association between curiosity in combination with effortful control (i.e., the construct of 'approach to learning') and more optimal early academic achievement in school-age children. [9] [10] [11] [12] Although curiosity in combination with effortful control appears to be promotive of early academic achievement, this approach does not examine whether curiosity, independent of effortful control is associated with early academic achievement, which is a gap in the literature. Interventions to foster early learning have largely focused exclusively on the cultivation of early effortful control. 13, 14 If higher curiosity, independent of effortful control, is associated with higher early academic achievement, this can provide preliminary support for the importance of fostering children's curiosity in the preschool years.
Curiosity is characterized by the joy of discovery, 15 and the motivation to seek answers to what is unknown. 16 Piaget recognized the importance of curiosity as a foundation for early learning, referring to children as 'little scientists', 17 and accordingly, pediatric guidelines highlight the importance of promoting curiosity as a foundation for early learning. 18 Curiosity is described as an approach-oriented, motivational state associated with exploration. 19 Curiosity is thought to be a multidimensional construct that is both person-specific (i.e., trait) and situationspecific (i.e., activity-related (state)). Although curiosity traits are thought to be highly heritable, 20 and include an openness to experiences, desire for novelty, and willingness to embrace the unexpected, 21 the expression of curiosity is also thought to be situational (i.e., state), related to an individual's idiosyncratic interests, which can vary with activity and context. 22 Although little is known about the factors that can promote the development of trait curiosity, it is theorized that state curiosity is malleable, and can be influenced by social and individual contexts. Curiosity is thought to be enhanced when individuals are allowed to engage in activities that are personally meaningful. 23 As such, it is believed that interventions which promote an experience of meaningfulness of an activity might enhance a child's engagement in that activity, and help foster curiosity. Although the association between curiosity and academic achievement has been examined in middle childhood and adolescence, 24, 25 to our knowledge, there have been no empirical studies examining the independent association of curiosity in early childhood with early academic achievement, which is a gap in the literature. If higher curiosity is associated with higher academic achievement, this can help inform the development of interventions to cultivate curiosity in young children to foster academic achievement. Therefore, the first objective of this study was to test the hypothesis that curiosity at kindergarten is an independent predictor of kindergarten achievement in reading and math. In addition, we consider the alternate possibility that curiosity may be associated with more optimal early learning only in certain contexts, and that the association between curiosity and academic achievement is moderated by certain characteristics of the child (e.g., effortful control or sex), or certain characteristics of the environment (e.g., socioeconomic status). We chose to examine effortful control as a potential moderator because part of the task of learning requires children to engage in activities that are sometimes not entirely aligned with their interests. Effortful control requires a child to focus attention, delay gratification and inhibit impulses to engage in the tasks that are demanded of them. 26 It is possible that a child's capacity for curiosity and 'thirst for learning' will be associated with more optimal academic achievement only if the child is able to manifest focused attention (i.e., effortful control), and that with lower (or absent) effortful control, the association of curiosity with academic achievement is attenuated. We also considered that sex might moderate the association between curiosity and academic achievement. There is some suggestion that teachers perceive curiosity and inquisitiveness as being a 'behavior problem'. 27 If 'curious boys' are viewed negatively, the expression of curiosity in boys might be discouraged, contributing to lower academic achievement in boys with higher curiosity. Finally, we consider the possibility that differences in socioeconomic status may moderate the association between curiosity and academic achievement. There is some support that curiosity is valued differently in families of higher versus lower SES. 28 We hypothesize that for children in higher SES environments, curiosity may be more valued, encouraged, and supported, contributing to higher academic achievement. Therefore, our second objective was to examine potential moderators of the association between curiosity and academic achievement (effortful control, sex, and SES) and to test the hypotheses that the association between curiosity and academic achievement in reading and math is present in the context of higher effortful control, female sex, and higher SES.
METHODS

Study design and sample
Data were drawn from the Early Childhood Longitudinal Study, Birth Cohort (ECLS-B), a nationally representative, populationbased longitudinal study sponsored by the US Department of Education's National Center for Education Statistics (NCES) in the Institute for Education Science. The ECLS-B is based on a nationally representative probability sample of children born in the United States in 2001 (inclusive). Data were collected from over 10,000 children and their parents at age 9 months, with subsequent assessments at 24-months, preschool, and kindergarten timepoints, with over 77% of the sample (n = 7700) included at the Kindergarten 2006 timepoint. 29 In the ECLS-B, some children entered kindergarten for the first time in 2006, and some entered in 2007. We defined our sample as first-time kindergarten enrollees, from the 2006 and 2007 timepoints. Data collection consisted of home visits with parent interview and direct and indirect child assessments, and included information on children's cognitive, emotional, behavioral, and physical development across multiple settings. 29 For this study, we assessed children at kindergarten entry, including children who first started kindergarten in 2006 (n = 4850) and children who first started kindergarten in 2007 (n = 1500). Our sample excluded children with congenital and chromosomal abnormalities, included children born at 22-41 weeks gestation, and utilized data from 3 timepoints (birth, preschool, and kindergarten). Although there were 6350 children in the combined 2006/2007 kindergarten sample (excluding 100 children with unspecified school placement), our sample was restricted to children who had complete reading, math, and behavioral questionnaire data at kindergarten entry, which reduced our sample size to 6200 children. This study was considered exempt by the Institutional Review Board because the research involved the use of a publicly available dataset, in which the participants were de-identified, and data could not be linked to the participants.
Measures
Outcomes Academic achievement in kindergarten reading and math: Children were directly assessed at kindergarten age during a home visit by trained National Center for Education Statistics staff using a specialized battery of tests developed for the ECLS-B to assess early reading and math skills. The reading assessment was formulated from existing instruments including the Peabody Picture Vocabulary Test, 3
rd Edition and Preschool Comprehensive Test of Phonological and Print Processing, and measured markers of early literacy including basic reading skills (letter and word recognition, understanding letter-sound relationships, phonological awareness, sight word recognition, and understanding words in the context of simple sentences). The reliability of the early reading assessment is described by the item response theory (IRT) reliability coefficient, reported as 0.92 at kindergarten. Scores provide ability estimates in a particular domain and were reported as normally distributed theta scores which demonstrated a range of −2.11-3.09 (mean = 0.33, SD = 0.86) at kindergarten. 29 The ECLS-B math assessment incorporated items to test the following content areas: number sense, geometry, counting numerical operations, and pattern recognition. The IRT reliability coefficient for the early mathematics assessment was 0.92 at kindergarten. The math theta scores demonstrated a range of −2.42-3.12 (mean = 0.38, SD = 0.80) at kindergarten. 29 Predictor Curiosity and effortful control: Because the ECLS-B did not contain a measure of curiosity or effortful control, we derived these measures from an existing measure of child behavior available in the dataset. The ECLS-B contains a 25-item questionnaire administered to parents and teachers at preschool and kindergarten timepoints, which was designed to assess child behavior. 29 The questionnaire was formulated from existing instruments including the Preschool and Kindergarten Behavioral Scales Second Edition (PKBS-2) and Social Skills Rating System (SSRS). Respondents were asked to report the frequency of behaviors observed in the previous 3 months on a 5-point Likert scale (1, never, to 5, very often). Items were reverse coded as appropriate such that higher scores indicated more positive behaviors. Five items from the PKBS-2 were chosen from the parent questionnaire at the kindergarten timepoint to generate our measure of curiosity, and two items were chosen to generate our measure of effortful control that aligned with previous behavioral descriptions of curiosity, [30] [31] [32] [33] and effortful control. 14, 34 Questions related to curiosity were omitted from the teacher questionnaires and the parent preschool questionnaire. As a result, a curiosity scale could only be generated from the parent at the kindergarten timepoint, and a comparable teacher curiosity scale could not be generated. A confirmatory factor analysis (CFA) was conducted to assure reliability and to calculate the appropriate loading values for deriving curiosity and effortful control factors. Standardized scoring of the curiosity and effortful control
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factors was conducted using PROC STANDARD, and good internal consistency was demonstrated: curiosity (5 items, α = 0.73), effortful control (2 items, α = 0.67). (Supplemental Table S1 ).
Covariates. Maternal and child characteristics associated with academic achievement in reading and math [35] [36] [37] were chosen a priori as covariates after a review of the literature. The following covariates were ascertained from the restricted ECLS-B birth certificate data: maternal age, race/ethnicity, marital status (married/ unmarried), birthweight, and gestational age. Also included were measures of maternal education (<high school; high school graduate; and >high school) and poverty (<185% federal poverty limit; ≥185% federal poverty line), which were incorporated into a single composite measure of household socioeconomic status (SES) created by ECLS-B at the kindergarten 2006 timepoint. 29 Because early educational experiences and child sex have been associated with kindergarten outcomes, 38, 39 we included enrollment in any preschool program the year prior to kindergarten entry and child sex as covariates. We also controlled for child age at kindergarten entry, and months of kindergarten experience. Because the number of months of kindergarten experience was not normally distributed, we accounted for the variability in kindergarten experience by creating a 3-category variable indicating the trimester of kindergarten at time of kindergarten assessment (1 st trimester Kindergarten: August-October; 2 nd trimester Kindergarten: November-January; 3 rd trimester Kindergarten: February-June).
Statistical Analyses
Maternal and child characteristics were examined using descriptive statistics. Multiple linear regression (using the SURVEYREG procedure in SAS) was used to examine the associations of curiosity and effortful control generated from the CFA, with academic achievement in reading and math at kindergarten entry. Two models (one model for reading and one model for math) included both curiosity and effortful control simultaneously while controlling for all covariates. We were also interested in examining whether the association between curiosity and academic achievement was moderated by either effortful control, sex, or socioeconomic status (SES). We ran six additional models (one model for reading and one model for math) to test for moderation which included the interaction terms of curiosity with effortful control (models 1-2); curiosity with sex (models 3-4); and curiosity with SES (models 5-6), controlling for a priori covariates. When the p-value for the interaction was significant (p < .05), we performed a stratified analysis of the association between curiosity and academic achievement, adjusting for covariates. Early childhood curiosity and kindergarten reading and math... PE Shah et al.
All analyses were conducted using SAS 9.4 40 (SAS Institute Inc., Cary, NC). Because of the complex sample design, sample weights and the Jackknife method were utilized to account for stratification, clustering, and unit non-response, thereby allowing the weighted results to be generalized to the population of U.S. children born in 2001. In accord with the NCES requirements for ECLS-B data usage, reported numbers were rounded to the nearest 50.
RESULTS
Sample Characteristics
After applying sample weights, the maternal and child characteristics were generalizable to the US population in 2001, and the sample characteristics for the weighted sample are shown in Table 1 .
Confirmatory factor analyses
The goodness of fit indices for our CFA demonstrated appropriate fit as evidenced by the Standardized RMR (SRMR) = 0.047, and adjusted GFI (AGFI) = 0.91, with good fit indicated by SRMR < 0.08, and AGFI > 0.90. Loading coefficients for each item of the effortful control and curiosity factors were calculated, with loading coefficients > 0.40 indicating that each item contributed to the overall factor. The loading coefficients for each item of the 'effortful control' factor was 0.71, and loading coefficients for each item in the 5-item curiosity factor ranged from 0.51 to 0.66. The items 'likes to try new things,' 'shows eagerness to learn new things', and 'shows imagination in work and play' loaded the most strongly on the overall curiosity factor. (Supplemental Table S1 ).
Association between child curiosity and effortful control and reading and math academic achievement at kindergarten After controlling for potential confounders, higher curiosity and higher effortful control were each associated with higher reading (b reading = 0.11, p < .001 (curiosity); b reading = 0.11, p < .001 (effortful control)), and higher math academic achievement at kindergarten (b math = 0.12, p < .001 (curiosity); b math = 0.14, p < .001 (effortful control)) ( Table 2) .
Moderators of the association between child curiosity and effortful control and reading and math academic achievement at kindergarten The associations between curiosity and academic achievement in reading and math were not moderated by effortful control or sex, as evidenced by non-significant interaction terms (curiosity × effortful control: p = 0.65 (reading academic achievement); p = 0.23 (math academic achievement); curiosity × sex: p = 0.94 (reading academic achievement); p = 0.75 (math academic achievement)). We did find evidence of moderation by SES, in Analyses included effortful control and the following covariates: maternal age, race/ethnicity, marital status, SES, child age, sex, gestational age, birthweight, previous preschool experience, and trimester of school at kindergarten timepoint. b coefficients are standardized betas. *p < 0.05 **p < 0.01 ***p < 0.001
both reading and math models: curiosity × SES: p = 0.01 (reading academic achievement); p = 0.005 (math academic achievement). Because we found evidence of moderation by SES, we performed a covaried analysis of the association between curiosity and academic achievement, for both reading and math, stratified by low and high SES. We found differences in the standardized parameter estimates (b) for the association between curiosity and academic achievement for children from low SES environments, compared to high SES environments for reading academic achievement: (SES ≤ median): b = 0.18, p < 0.001; (SES > median): b = 0.08, p = 0.004. The same association was found for math academic achievement: (SES ≤ median): b = 0.20, p < 0.001; (SES > median): b = 0.07, p < 0.001 (Fig. 1) .
Characteristics of 'curiosity factor' and associations with reading and math academic achievement We also performed a post hoc analysis to better understand if there were specific features of the curiosity factor driving the association with reading and math academic achievement at kindergarten that may have particular clinical relevance. The descriptive statistics and standardized parameter estimates (b) for each question comprising the 'curiosity factor' are shown in Table 3 . We ran two models, one for academic achievement in reading and one for academic achievement in math. Each model included effortful control, and replaced the curiosity factor in in the final model with all 5 question items in the curiosity factor simultaneously, adjusting for the a priori covariates. In these models, 'shows eagerness to learn new things,' (b reading = 0.09, p < 0.001; b math = 0.10, p < .001) 'appropriately uses a variety of words to describe feelings,' (b reading = 0.08, p < 0.001; b math = 0.07, p < 0.001) and 'easily adjusts to a new situation,' (b reading = 0.04, p = 0.01; b rmath = 0.07, p < 0.001) were each significantly associated with reading and math academic achievement. The questions 'likes to try new things,' and 'shows imagination in work and play,' were not associated with academic achievement in reading or math in these models (Table 3) .
DISCUSSION
This is the first study examining the independent association of curiosity with kindergarten reading and math academic achievement using a nationally representative sample. After controlling for effortful control and other potential confounders, we found that curiosity was significantly associated with academic achievement in kindergarten, with an effect size similar to that for effortful control. These findings suggest that curiosity is as important as effortful control for promoting reading and math academic achievement at kindergarten age. In the absence of controlling for effortful control, previous research has found effect sizes of curiosity on school-age reading and math academic achievement to be higher, with standardized regression coefficients ranging b = 0.16-0.23. 41 Although our effect sizes of the association between curiosity and academic achievement are small, and although the strongest predictors for reading and math academic achievement continue to be prior reading and math academic achievement scores, 9 our results suggest that curiosity makes a small but meaningful contribution to academic achievement. At an individual level, the effect size of curiosity on academic achievement is small; however, when considered at a population level, the magnitude of effect is notable.
We found that the associations of curiosity with reading and math academic achievement at kindergarten were not moderated by effortful control or sex, but were moderated by SES. These findings suggest that even if a child manifests low effortful control, higher curiosity may be associated with more optimal academic achievement. Currently, most classroom interventions have focused on the cultivation of early effortful control and selfregulatory capacities. 42 Our results suggest that an alternate message, focused on the importance of curiosity, may also be considered. Encouragingly, child sex did not moderate the association between curiosity and academic achievement, suggesting that curiosity is equally important in boys and girls for more optimal academic achievement. Although we found evidence that the association of curiosity with academic achievement was moderated by SES, contrary to expectations, we found a differential benefit of curiosity for children with low SES. Our results suggest that while higher curiosity is associated with higher academic achievement in all children, the association of curiosity with academic achievement is greater in children with lower SES. Children with higher SES likely have environments with greater access to resources to foster reading and math academic achievement, whereas children with low SES likely have academic environments that are less enriching, and thus, the drive for academic achievement is related to the child's motivation to learn (i.e., curiosity). 43 Because there is some evidence suggesting that children with low curiosity fail engage with their environments in ways that will foster their academic development, 44 and because the association of curiosity and academic achievement appears to have a greater magnitude of association in children from lower SES environments, our results suggest that the promotion of curiosity may be a valuable intervention target to foster early academic achievement, 30 with particular advantage for children in poverty.
Because curiosity is thought to relate to the construct of intrinsic motivation, there is some theoretical support that promoting autonomy, feelings of competence, and connectedness can foster intrinsic motivation, and increase curiosity. 22 Interventions to foster curiosity in adults have focused on highlighting the personal meaningfulness of an activity to optimize engagement. 45 These features may also be helpful in designing interventions to promote curiosity in young children, and is an important area for future research.
Pediatricians, early childhood educators, and policymakers have grappled with the question, 'what are the early social-emotional skills children need to be successful?' There has been an increasing interest in the taxonomy of 'the Big Five character skills' (i.e., O.C.E.A.N.: Openness to Experience, Conscientiousness, Extraversion, Agreeableness, and Neuroticism) as a foundation for future life success. [46] [47] [48] One dimension of the Big Five, 'openness to experience,' aligns with the item of 'shows eagerness to learn new things,' in our curiosity factor, and was associated with higher academic achievement in our adjusted models. When all items were considered together, the aspect of curiosity most strongly associated with higher academic achievement was the construct 'shows eagerness to learn new things.' This construct is consistent with some of the earliest descriptions of curiosity as a 'passion for learning', 49 and speaks to the positive motivational drive for knowledge which underlies curiosity. 50 A child's eagerness to learn may be an important characteristic to nurture in the young child, particularly to promote academic achievement. This framework, consistent with recent neuroscience research, suggests that one pathway to more optimal learning may be through captivating a child's natural curiosity. 51 Our study had several strengths and limitations. The study includes a nationally representative sample, the results of which are generalizable to the population, and direct child assessments of early academic achievement. One of the limitations of the study is that the ECLS-B did not contain data on maternal intelligence quotient, or family history of learning difficulties, which can be associated with early academic achievement. In addition, our construct of curiosity was derived from a parent-report behavioral measure at the kindergarten timepoint. Because the teacherreport of child behavior included different questions, a teacher curiosity factor could not be calculated, and we were not able to examine the construct of curiosity across reporters. Finally, parents generally rated their children very highly in curiosity. Question items about curiosity that generate broader variability in parental response will be an important focus for future work.
Our study provides some preliminary evidence that higher early childhood curiosity, independent of early effortful control, is associated with more optimal early academic achievement, with a greater magnitude of association for children with low SES. To foster early learning, it may be helpful to identify opportunities to cultivate and encourage curiosity in young children, especially for children from environments of economic disadvantage.
CONCLUSION
We found evidence that curiosity, independent of effortful control, was associated with greater reading and math academic achievement at kindergarten, with a greater magnitude of association for children with low SES. These findings suggest that although effortful control has been emphasized as an important prerequisite for early academic achievement, curiosity is also important, and may be especially important for children from environments of economic disadvantage. In addition, the aspect of curiosity most strongly associated with higher academic achievement was the construct of 'shows eagerness to learn new things'. Encouraging curiosity in young children and cultivating their eagerness to learn may be a potential intervention target to foster early reading and math academic achievement at kindergarten age, and may be particularly advantageous for children with low SES.
